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Abstract: According to available estimates with WHO, cancers are the sixth leading cause of global 
human morbidity and mortality. Prostate Cancer is the fifth-ranked most lethal among various cancers, 
and hence it warrants serious, dedicated research for improving its early detection. The employed 
methodologies such as prostate-specific antigen test, Gleason Score, and T2 Staging lack precision 
and accuracy in conditions where information is scarring, vague and uncertain. Consequently, in the 
present study, the innovative use of neutrosophic cubic fuzzy sets (NCFS) is employed to improve 
prostate cancer detection in situations where basic information is vague, imprecise, and uncertain. 
Specific and critical similarity measures are defined for using NCFS methodology for the evaluation 
of prostate cancer. This methodology is found reasonably better compared to the existing benchmark 
methods for the detection and grading of prostate cancer. 


Keywords: neutrosophic cubic hesitant fuzzy set; distance measures; similarity measures; risk evaluation 
of prostate cancer 


1. Introduction 


Prostate cancer is a cancer of prostate glands found only in men and is the fifth largest 
cause of cancer-based deaths in males globally. The co-occurrence of high-grade depression 
further aggravates the condition, and hence a significantly increased rate of mortality is 
reported with prostate cancer [1]. A study reported from the UK found that more than 
37,000 new cases of prostate cancer are registered in that country annually (Torre et al. [2]). 
This situation is further complicated as the age of men increases, i.e., with increased age, 
the risk of prostate cancer is increased (Jemal et al. [3]). Thus, for better management and 
effective treatment of prostate cancer, early-stage detection methodologies are very critical 
(Cartel et al. [4]), and improvements in the existing detection and staging methodologies 
are also the cry of the hour. In this context, Cao et al. [5] discuss several markers which are 
useful in the early stage detection of prostate cancer. A variety of methodologies and tests 
are used for early detection and staging of prostate cancer to determine whether metastasis 
has taken place or not. The prostate-specific antigen test for detection (Kelly et al. [6]) and 
Gleason Scoring System (Chan et al. [7]) for determination of Staging/ grading prostate 
cancer are commonly employed approaches. The Gleason Score Range (from 2 to 10) 
helps stage prostate cancer and works based on tumor-nodes-metastasis (TNM) and is the 
standardized methodology recommended by the American Joint Committee on Cancer 
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Staging System (Edge et al. [8]). In this staging system, six to twelve T2 staging samples 
are harvested from the prostate gland to detect cancerous diffusions. The positive results 
are reflections from samples harvested from both lobes of the prostate gland with specific 
T2 staging Scores, Gleason Scores, and also the initial PSA test (Partin et al. [9-11]). 
Additional details are described elsewhere [12-16]. The real problem with these methods is 
when the information becomes scarred, uncertain, non-consistent, and diffuse. Thus, new 
methodologies and approaches are badly required in uncertain conditions for accuracy of 
results needed for proper decision-making where a suspected patient may have prostate 
cancer and warrants early and accurate detection. It is a foregone conclusion that early 
detection of prostate cancer is vital for proper management of the pathology and reduction 
of the rate of mortality with this disease. Fuzzy Sets methodology is applied where 
uncertainty exists. The studies reported by Serita et al. [17,18] make the use of fuzzy sets 
for the detection of prostate cancer. Similarly, Benecchi [19] reported neuro-fuzzy sets for 
early detection and staging of prostate cancer, whereas Seker et al. [20] described their 
method for early detection and staging of prostate cancer which is based upon fuzzy logic. 
Jing et al. [21] have also reported some improvements in methodology based upon the use 
of cubic-hesitant-fuzzy sets by measuring the similarities. More details about neutrosophic’s 
theories can be seen in [22-25]. Fu et al. established a useful evaluation method of risk 
grades for prostate cancer using a similarity measure of cubic hesitant fuzzy sets [21]. 
Thai and Huh discussed optimizing techniques for patient transportation by applying 
cloud computing [26]. Fu et al. established an evaluation method of benign prostatic 
hyperplasia using cubic hesitant fuzzy sets [27]. Fu and Ye established a similarity measure 
with indeterminate parameters of cubic hesitant neutrosophic numbers and its risk grade 
assessment approach for prostate cancer patients [28]. Choi and Huh established useful 
techniques to reduce STD infections [29]. Ho and Thanh discussed a community interests 
approach to a topic model with time factor and clustering methods [30]. Kadian and 
Kumar established novel intuitionistic Renyi’s—Tsallis discriminant information measure 
and discussed its applications in decision-making [31]. The contributions of different 
researchers using different versions of fuzzy sets can be seen in [32-36]. 

In the present study, we present a new innovative method, and the concept is based 
upon neutrosophic-cubic-hesitant-fuzzy sets (NCHFS) by making use of the Neutrosophic 
Theory of Smarandache [22]. The NCHFS combines the advantages of NCS and hesitant 
fuzzy set. This characteristic makes the NCHFS a powerful tool to deal with inconsistent 
data. Many multi attribute decision-making methods often ignore the uncertainty and 
hence yield the results that are not reliable. The NCHFS can efficiently handle the complex 
information in a decision-making problem. Our results show significant improvement 
concerning existing prostate cancer detection and staging methodologies in conditions 
where information is scarce, uncertain, and indeterminate. 


2. Preliminaries 


In this section, we have collected some helpful material from the existing literature. 


Definition 1 ([22]). A neutrosophic set (NS) in a fixed non empty set U is the structure of the form 
N = {((Nr)(u), (N71) (u), (Ne) (u)/u © U} where Ny : U — [0,1] is called truth membership 
function , Ny : U —+ [0,1] is called indeterminate membership function, Ng : U —+ [0,1] is called 
false membership function, and Nr, Nj and N¢ are the single fuzzy valued in [0,1]. 


Definition 2 ([25]). An interval neutrosophic set (INS) ina fixed non empty set U is the structure 
of the form N = { (Nr(u),Ni(u),Ne(u)) /u € u} where Nr : U —> D[0,1], Ny: U — 
D{0,1] and Nr :U — D{0,1] are respectively called interval-truth membership function, an 


interval-indeterminacy membership function and interval-falsity membership function, and it is 


denoted by Np = [N~,N*] C [0,1], Nq = [N~,N*] © [0,1] and Np = [N-,N*] C [0,1]. 
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Definition 3 ([32]). A hesitant fuzzy set (HFS) in a fixed non empty set U, is of the form 
H. = {(h, f(u))/u € Uand f(h) € [0,1]} where f(h) is a finite set of values in [0,1]. 


Definition 4 ([33]). A cubic set (CS) in a fixed non empty set U is the structure of the following 
form:C = {(A(u), A(u)) /u € U} where A: U —+ D[0,1] is an interval-valued fuzzy set in 
Uand A: U — [0,1] is a fuzzy set in U. 


Definition 5 ([21]). A cubic hesitant fuzzy set (CHEFS) in a fixed non empty set U is the structure 
of the form CH = {(7(u),11(u),r2(u),13(u),...,tn(u))/u € U} where F: U —+ D[0,1] is an 
interval-valued fuzzy set and r; : U —> [0,1] fori = 1,2,...,n is a finite set of some different 
values in [0,1]. 


Definition 6 ([23]). Let U be a non-empty set. A neutrosophic hesitant fuzzy set (NHFS) in a 
fixed non empty set U is the structure of the form 


{NH (u), NH2(u),NH3(u),...,NHn( 
NCH = {NH (u),NH2(u),NH3(u),...,NHn(u)}, );u eu 
{NH (u), NH2(u), VH3(u),...,NHn(u)}p 


= 
we 
el 
~~ 
> 


where NH;(u)7,NH;(u)1,NH;(u)p € [0,1] fori = 1,2,3,...,nare the finite set of values in 
[0,1], called the truth hesitant membership function, indeterminacy hesitant membership function 
and falsity hesitant membership functions. 


3. Neutrosophic Cubic Hesitant Fuzzy Sets (NCHFSs) 


Before discussing the evaluation method for the risk grade of PC’s patient, in this 
section, we provide the concept of the neutrosophic cubic hesitant fuzzy set, which is an 
extension of the cubic hesitant fuzzy set. We also define external and internal neutrosophic 
cubic hesitant fuzzy sets and discuss some basic properties. 


Definition 7. Let U be a non-empty set. A neutrosophic cubic hesitant fuzzy set (NCHFS) is 
a pair NCH = (M,M) where M = {(Mr(u),Mi(u), Me(u) )/u € U} as an interval 
neutrosopohic set (INS) in U and 


{Mj (u),Mo(u),M3(u),...,Mn(u)} 7, 
M= {M1 (u),M2(u),M3(u),...,Mn(u)}p )weu 
2(u),M3(u),...,Mn(u)}p 


<< 


as a neutrosopohic hesitant fuzzy set (NHFS) in U. Then, each element of 
NCH = (M,M) is simply denoted by M = (|mj,m}3*\, [m3,mj4*],[mz,mé*]) and 


M= CCE 20st) (nj*,n>",...15"), Gey) or 


P 
NCH. = [mj,m3*], [m3, m4"), [ms, m6], 
(nj, 13,..- N35), ie pas ny"), (Ny jas ny"), 


which is called neutrosophic cubic hesitant fuzzy number (NCHEN). 
Definition 8. A neutrosophic cubic hesitant fuzzy number (NCHFNs) NCH = (M,M) is called 


e  Truth-internal neutrosophic cubic hesitant fuzzy number (T-internal) if the following 
inequality is satisfied (Vu € U)(mj(u) < (nj,n3,...,m,)(u) < mz*(u))); 

e Indeterminacy-internal neutrosophic cubic hesitant fuzzy number (I-internal) if the 
following inequality is satisfied (Vu € U)(m3(u) < (np*,n3*,...n5*)(u) < mz*(u))); 

e  Falsity-internal neutrosophic cubic hesitant fuzzy number (F-internal) if the following 


inequality is satisfied (Vu € U)(mg(u) < (ny**,n3**,...,15"*)(u) < mge*(u)); 
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NCHE = 


e Aneutrosophic cubic hesitant fuzzy number (NCHENs) is called internal neutrosophic 
cubic hesitant fuzzy number if it is T-internal, I-internal, and F-internal. 


Definition 9. A neutrosophic cubic hesitant fuzzy number (NCHENs) NCH. = (M,M) is called, 


e  Truth-external neutrosophic cubic hesitant fuzzy number (T-external) if the following 
inequality is satisfied(Vu € U)(nj,n3,...,n,)(u) € (myp,m5*)(u); 

e¢ Indeterminacy-external neutrosophic cubic hesitant fuzzy number (I-external) if the 
following inequality is satisfied(Vu € U)(nj*,3*,...15*)(u) ¢ (m3,mq*)(u); 

e — Falsity-external neutrosophic cubic hesitant fuzzy number (F-external) if the following 
inequality is satisfied(Vu € U)(np**,n3**,...,n5**)(u) € (ms,mg*)(u); 

e¢ Aneutrosophic cubic hesitant fuzzy number (NCHEN) is called external neutrosophic 


cubic hesitant fuzzy number if it is T-external, I-external, and F-external. 


[my,m3*], [m3, my" ], [mz,me*], (nt, n3,-..,Mp), 
(n7*, Ny", .. . 15"), (ni**, ny, edn ny) 


Definition 10. Let NCH; = (M1,M1) = { 


and NCH2 = (Mz,Mz) = { rir"). 3-4 | Irs," (Si, 837+ +7 8p)y \ be two neutrosophic cubic 


(s}",85*,---85 ), (s7**, 85 se 58) 


hesitant fuzzy numbers (NCHENs). Then, we define 

(1) if NCH, = NCHp then (M1,M,) = (M2,Mz2) ee extol [m3,m4*| 
13,1 a) oe [mz,mé*] = [ré,ré*] similarly (ni) = (st), (nj*) = (s{*) and (nf**) = (s7**) 
= Spee yD) i S 

a if NCH, C NCHp , then (M1,Mj1) © (M2,Mq) ie.,[my,m3*] C [ri,73"], [m3, mz*] C 
[r3, 14°] and [mz,mé*] C [rz,ré*] while (ng) < (sg), (mg*) < (sg*) and (ng*) < (se"*)(V 
k= 1,2,3,...,p). 

(3) NCHE = (ME, ME) = [1 — mf, 1 — mf], [1 — mgt, 1 — m5], [1 — mgt, 1 — mB], (1 

ng, 1 SM reed ny), (1 ny, 1 Neyer l —ny*) and (1 = el Sed —n7**) 
(complement of NCH). 


eal 


[7 
k 


4. Similarity Measures of NCHFSs 


Here, we discussed some similarity measures of neutrosophic cubic hesitant fuzzy 
sets (NCHFSs) that will be used in the next section: 


[my,m5*|, [m3,m4*, [mz,mé*|, (nt,13,...,N5), } 
Gat tis) ee: ny"), (n}**, 15", ...)0y) 


Definition 11. Let NCH; = (Mi,Mj1) = { 


and NCH = (M2,Mz) = { 2) ls x ee Me Pat ee p)) } be two NCHFNs, and 
(s}*,35",..-85"), (s7°*,89"",---,85"") 
the LCMN of p and qin Mand M2 is S, then ue can extend both by the following forms: 


[iy m3" |, [img, mq" |, [ms, m6"), 
S 


rr oO OOO 


s/px s/ px s/p* 
(nit ny, my?” ), (mya, M73, MI"), a palais “My ), 
lex ),2%* s/ pxx 1lx* {,2** s/ px lex {,2«* s/ px 
Ci ss pee a ie ees A ie Mp rs) Myy ), 


ni 


Dx Pa sl Tiss i s/ pre Lexx ae, s/ px 
Cr ), (135 pekiNGS ss - (ny, Mp nee Myy ), 


and 
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ir") [r3,ra*), rs. 76"), 
S 


/ / 
NCHS = (Si}, 8337+ ant "), (813, 83/6812" )r- (819, Tyr S1q)s 
(sti tits), tat si" 9i0"”), Gi sl, 
Lexx QD s/ qx glk g2t** s/qux% Lex QD 8/ qx 
(sy, Sqp e811) (893870 SQ a + (S19 Pg EPH a ), 
Definition 12. Let NCH, = (M Mi) = { mm rg, 7 [msg ae) } 
. 1— WwVE1) = Ge a), ae, ee ae 
cs ok kK 7k kK * 
and NCH2 = (Mo,Mp2) = { pea") 13.74 ¥ ue bey } be two NCHENS, where 
(s*,95",..-85*), (s]*,59™,...,85*) 
= * ** m** NA. = ee: 
= ’ = = 
(Mag)r [mj,m blr (Mag) = [mj., my," |, and (Ma) e = [mj, me" le 
where (Mi,)7 = (nj, nz MMe Me i )r, (Mig); = (AE Ne ReMax. yp 
(Mile = (te teen mg, hp 
and (Mox)r = [reert* |r, Fe)i = [rere] and (7) e = (rt, rt" le 
where (re) = (Sk, Sk, Spr Spr - 8) 7, (1k) 1 = (Sk Se Spr Spr Se) 
and (f.)e = (eer ee epeee, UE 
ask =1,2,3,...,mand « > 0; then, the generalized neutrosophic cubic hesitant fuzzy number 
normalized distance between NCH, and NCHz is defined as 
NCHdg(NCH,,NCH2) (1) 
1 
jor — rile + lng — rel + me — rely + Ls eT ‘ 
|my eae | |m* eft 
k kIF k k IF! F 5,4 
m 1_ 1/4 2_ 2/4 3 93|4 
a G : 5D lite — Sel + [mg — slp + lime — Sel pty |me® — Se] + (2) 
m k+ 1\4 2 g2\a 3 .3]4 ae a 
= Je — ely + Le — ely + [me — Seley maT — Se] + 
1_ 1/4 2_ .2\4 3 23/4 S Sx |4 
le — Sele + lite — Sele + le — Seley + mE — Se] 
where S;, is the LCMN of py; and pox for k = 1,2,3,...,m when « = 1,2 then Equation (1) is 
reduced to the NCHEN normalized Hamming distance and Euclidean distance as follows: if x = 1, 
then Equation (1) 
dy(NCH,,NCHz2) (3) 
jing — rele + rme* — re |p + log — rel + let ey 
kK eK 
lng — rele + |mg* — re eA a 
m 1_ 1 2 3 
_ 1 1 |e — Sle + [mg — Sele + lite — Sel pty. ++ frm — 5p ae (4) 
m f= (Sk +2) a es ee a Sk Sk 
lite — Slr + lite — Slr + lite Sele rte’ yf] + 
S S 
le — Sle + le — Sele + le — Sele tye |e — Se 


if « = 2, then Equation (3) 


dv(N CH, NCH.) (5) 
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jg — rel + mgt — rit | + ag — rel + mgt tit \ )? 
jig — rie + bmg — rg te 
2 2 2 
ao eas Slate |g —set| + 4 
; be} — shy + lnB — Shp + [nh —s8lpt,-.., apt — sp] + 
2 
lk — sh + [np — she + [np — Bete. [mgt — sp 


The following proposition is related to distance measure NC Hdg(NCH1,NCH2). 


Proposition 1. The following properties on generalized NCHFN normalized distance 
NCH dy (NCH,,NCH2) for « > 0, 

(1)0 < NCHdy(NCH1,NCH?2) <1. 

(2) NCHdg(NCH1,NCH2) = 0 iff NCH, = NCH2. 

(3) NCHdg(NCH1,NCH2) = NCHda(NCH2,NCH1). 

(4) Let NCH1, NCH2 and NCHsz be the NCHES such that NCH; C NCH2 C NCHs3; 
then, NCHda(NCH1,NCH2) < NCHda(NCH1,NCHs3) and NCHdg(NCH2,NCH3) < 
NCHda(NCH1,NCHs3). 


Proof. Clearly NCHdy(NCH 1, NCH?) hold in property (1) to (3) thus,we only proved the 
property (4). Let VCH, NCH2 and N’CHs3 be the NCHFS such that VCH; C NCH2 © 
NCHz3 we have to show that NCHd,.(NCH1,NCH2) < NCHdy(NCH,,NCH3) and 
NCHde(NCHo,NCH3) < NCHda(NCHy,NCHs). Since NCH, © NCH2 © NCH, 
then it contains (mi)r < (r{)r < (s{)r, (mp)r < (7H) S (s{)e and (mp)e < (Pe < (S{)F 
(me")r < (re )r S (se")r (me*)1 < (re")r < (se")e and (mp*)e < (Ee )e S (8p")F 
and (nj)r < (sj)r < (%)r- (mr S (Sr < (rand (nr < (se < (%)e fori = 
1,2,3,...,8, and k = 1,2,3,...,m. Hence, follow the above relations: 


ok * Ya ok Ka kK kK | kK LA 
lm —Telp Slime — Seip, [mg — EI pS [mg  — 8°] 7, 
ok *K Ya ok *K a kK *K | a kK ** | a 
[me — rely SS [mg — sely, [mg — rely S |" — 8°], 
ok Ka ok *K a kK x | A ok OK eK | A 
lime — rele Slime — Sele, le” — rE Tp S lm — see 
ok *K a * *K Ya 2k ok **K | A kK x | a 
Ie — Selp Sle — Sele, Ire — SRI S [mg  — 8° | 7 
ok Ka ok Ka kK «| a kK ** | A 
ie = Selp SS te = Selene AB le Se OSE lye 
ok Ka ok *K a 2k OK x | A kK KYA 
Ing — Sele SS le — Sele + [re — Se lp S lg — 85°F 
Le oa Z ni — il" si — Th]. S [tk — 7], 
cree Se Wee Be Ve Ee 
i il? i i|* i i|" i i|* 
Ne Si) Stem Vale |S Te < |n,— a4, 
i_ il’ i i|* i i|* i i|* 
Me Sle SME Tel» [Se Te < [nk - v4 


Fractal Fract. 2022, 6, 648 7 of 20 
Thus, the following inequalities exist: 
* * | **K *K | O i i e * * | eK > | O i i # 
lm — rele + [mg — rE IP In Beles eee We Puir lm” — se" |P Ini Vk |p’ 
a «4 4 1a 
2k *K Ya kK *KK | A 1 t * *K Ya KK KA 1 1 
Ine — Sele + Ire — 3p" le4 Ini Vk| > < [me — selp + lg” — 84° 7 In Vey” 
* * | eK > | O i i i * * | OK kK | O 1 i 4 
ye el he lr In Bel SE Se lr eM Be In Ved 
rs erAlle i es Cal \ ni i A < m* s* mi* o** a ni i 4 
Ire — Sly + Ire k In 7 | Yki, = k— Sky k k II k Yk 1 
* * | eK KK | i i ‘ * * | OK > | i i # 
lm — Tele + ly — 1 IE I Sl. Sle Sele Te — Se Ie nt Ve] pf 
Py {a A Pages 
2k *K a x «| A 1 1 * * OK ** | aA 1 1 
Ine — Sele + re” — Se" let In Vile Se Sh mM — Sk |p In Vel 


fori = 1,2,3,...,s, and k = 1,2,3,...,m. From the above inequalities, we obtain the 


following form: 


jeg — rp + [matt — oI + [rot — rf + [opt — pf 
lm — rE lp + [meet — re EA 
Tye dP ink —sblt + inh —9flt + Imp silts... |p se + 
MAGE Ink — ltt bik eB + abl tmp apt + 
bet — she + [nb — 2p + [nd — 9B pte---. fngt — sp 
ji ori afr me an [gt — spl 
| 
c JAG _| loka B= afl bd alt ft aff 
© MEROREODY tet —oblt + eh le + bok Blt ae— a8 + 
bk — ofl + [eB — Ble + [nb — alate fet — ef 
and 
lee — stl + bit — oft [f+ et ofl + ett oft lf 
Ire —stle + let —se"1%4 
Ls _1 | [se velr + ls vel + Ise vel Be % | 
mist (e+?) | pat oats [sb —o8lt + [sh — alt... si — 1f| + 
ape Peete le ele eer ey 
mt — spl + [meet — sft + [img — sft + [pt — sf [14 
lrg — st + mt — sf*[4 
gE | lee tele t eel tle ele se | 
aE ESOT Ink — able + ek — abl + bk abl bee ae + 
fod — ae + [od — ole + bd — alt. fog — a2 


RI 


RI 


Using the definition of generalized NCHEFN normalized distance of above, we obtain: 


NCHda(NCH1,NCH2) 
and NC Hdyg(NCH2,NCH3) 


Hence, this is the proof of the property. 


< 
< 


NCHda(NCH1,NCHs3) 
NCH dy (NCH1,NCHs) can hold for « > 0. 
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e If we consider each NCHEN r; and M, by the weight w;, where k = 1,2,...,m with 
wr € [0,1] and );), w, = 1, then generalized NCHEN weighted distance is defined as 


1 


* * [a 4K xo 
ling — rely + |g an jen — rel 
kK 
my _ : 
me — Tee mg vee E! 
a a a 
Inj stl ng stl In? splpt, y 
m Sk S|" 
ae a ee 
NCHdw(NCH1,NCH2) = 4 Vo (S e=5 1 2 213 3 ”) 
iat (Sk |e — Slr + me — Sely t+ [tg — spp tee, 
Sp Sp 
ne — 8, | + 
1 1\4 2 2/4 3 
| — Sele + [te — Sele + [te — Selet- 
Se Sx |" 
Ne — Sx 


The following proposition is related to weighted distance measure d,,(MWCH 1, NCH2). 


Proposition 2. The following properties on weighted distance measure d,.(NCH 1, NCHz2) for 
a >0: 


(1)0 < NCHdw(NCH1,NCH2) < 1. 

(2) NCHdw( NCH, NCH2) = 0iff NCH, =NCHo. 

(3) NCHdw(NCH4,NCH>) = NCHdw(NCHo, NCH). 

(4) Let NCH1, NCH and NCH3 be the NCHES such that NCH, C NCH2 C NCHs3, then 


NCHdw(NCH1,NCH2) 
NCHdw(NCH2,NCH3) 


NCHdw(NCH1,NCHs3), 
NCHdw(NCH1,NCHs3). 


= 
< 


Proof. Straightforward. 


e¢ The relation between the similarity measure and the distance measure is called 
weighted-similarity measure, which is defined as 


NCHds(NCH1,NCH2) = 1—NCHdy(NCHy,NCH2) (8) 
1 
* x | & aK * «| & x 
Opa ee lr ble Fe |r ‘ 
| m5" fer 
|g — rE |p + |g — re EA 
1_ 1/4 2 4214 3°23 
mg — selp + [ng — Sep + | Seles 
‘ Wk In! a3 + 
= T 
Ss. +2 1 144 2 2\4 3 3 
ga (Sk +2) te Slee Sel eles 
Sk S,|4 
ne Se] + 
l 
1_ ga 2.214 3 
[ie Belpre Sele ey ey lectoees 
[ng et 


The following proposition is related to weighted similarity measure 


NCHds(NCH1,NCH2). 


Proposition 3. The following properties on weighted distance measure NCHds(NCH 1, NCH?) 
fora >0: 


(1)0 < NCHds(NCH1,NCH2) < 1, 
(2) NCHd;(NCH,NCH2) = 0iff NCH, = NCH, 
(3) NCHd,(NCH1,NCH2) = NCHds(NCH2,NCH1), 
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(4) Let NCH, NCH and NCHz3 be the NCHFS such that NCH, C NCH2 C NCH3; 
then, 


NCHds(NCH1,NCH2) 
NCHds(NCH2, NCH3) 


NCHds(NCH1,NCH3), 
NCHds(NCH1,NCHs). 


Proof. Straightforward. 


5. Risk Evaluation Method of Prostate Cancer (PC) 


The growth of Prostate Cancer (PC) is slow. In this regard, it is mandatory to determine 
the PC risk grade/stage and set out proper PC patient treatment. Clinical staging, Gleason 
Score, and Prostate-specific antigen (PSA) are tests used to diagnose PC as shown in Table 1. 
It is not easy to identify the PC level as it is a hazardous type of cancer that has several 
effects on PC patients’ lives. 


Table 1. Three-day PSA, Gleason-score, and Clinical-staging score correspondence for PC risk criteria. 


Risk Grades PSA (ng/mL) Gleason Score Clinical Staging T2 
Small-risk <10,4.0,3.5 <6 <T>q 
Fair-risk 10-20, 4.0-10, 3.5-4.5 7 Top 
Large-risk >20, 10, 4.5 >8 >To. 


The PSA test stands as a blood test. Cancer and non-cancer tissues are indicated by 
the use of a chemical known as PSA. In 1997, Partin et al. introduced a first-time PSA level 
score range from 2-50. Three-day hospital admitted PC patients’ PSA level score ranges are 
shown in Table 2. 


Table 2. Staging score of the PSA level. 


Staging PSA (ng/mL) Description 
Stag 1 [2,9], [2.4, 4.0], [2.5, 3.5] Low PSA level 
Stag 2 [10, 20], [4.0, 10], (3.5, 4.5] Moderate PSA level 
Stag 3 [21, 50}, [10,20], [4.5, 6.5] High PSA level 


Gleason score is known as a grade also given by Prostate cancer. The prostate historical 
grade, i.e., Gleason scoring-system, enlists tumor staging in determining the progression 
diagnosis. PSA had a few insufficiencies and, in 2000, Chen et al. introduced the Gleason 
score test with score range from 2 to 10. The Gleason score risk grade for three days was 
obtained from admitted PC patients as listed in Table 3. 


Table 3. Histological score of PC. 


Gleason Grade Gleason Score Histological Description 
Gy Grade cannot be evaluate Not exist 
G, [2,4], [3,5], [0, 2] Well differentiated 
Go (5, 6], [6, 8], [3,5] Moderately differentiated 
G3 (7, 10], [8, 10], [6, 10] Poorly differentiated 


These categories of score between 3 and 10 are described as below: 


e Gleason’s score of 3 to 5 indicates low risk; 
e¢ Gleason’s score of 6 to 8 suggests medium-grade cancer; 
e — Gleason’s score of 8 to 10 indicates high-grade cancer. 


The categories of scores between 0 and 10 are described as below: 
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Gleason’s score of 0 to 2 indicates low risk; 
Gleason’s score of 3 to 5 indicates intermediate risk; 
Gleason’s score of 6 to 10 indicates high risk. 
Gleason’s Pattern scale is shown in Figure 1. 


Gleason's Pattern Scale 


Well 


1, Small, uniform glands. anterentisted 


2. More space (stroma) 
between glands. 


Moderately 


ig 
= 3. Distinctly infiltration of saad pani 


cells from glands at margins. 
Poorly differentiated 
Anaplastic 


4. Irregular masses of neoplastic 
cells with few glands. 


5. Lack of or occasional glands, 
sheets of cells. 


Figure 1. Gleason’s Pattern scale. 


The tumor is mainly depicted through clinical staging confined within the Prostate 


through needle biopsy found in single or both lobes. Prostate tissue samples (6-12) were 
collected and examined regarding cancer cells present in the lab. Cancer patients’ disease 
progression based on TNM (tumor/nodes/metastasis) classification in 2010 was described 
ranging from 0 to 10 by the American Joint Committee on Cancer (AJCC) staging system. 
Therefore, the clinical staging risk grade obtained from an admitted PC patient for three 
days in the hospital is listed in Table 4. 


Table 4. Clinical staging score. 


Clinical Staging T2 Description Score 
Tha Tumor gains <50% of one lobe [0,3], [1,4], [4, 6] 
Tumor gains >50% of not both 
Tap lobes but one lobe [4,6], [5,7], [6,7] 
Tre Tumor gains both of the lobes [7, 10], [8, 10], [7, 10] 


In clinical staging, PC patients can be diagnosed with the help of the following stages: 


Tla: The clinical staging score of 1 to 4 of tumor is 5% or less of the prostate tissue 
removed during surgery; 

T1b: The clinical staging score of 5 to 7 of tumors is in more than 5% of the prostate 
tissue removed during surgery; 

Tlc: The clinical staging score of 8 to 10 of tumor is found during a needle biopsy, 
usually because the patient has an elevated PSA level; 

T2: The tumor is found only in the prostate, not other parts of the body; 

T2a: The clinical staging score of 4 to 6 of the tumor involves one-half of one side of 
the prostate; 

T2b: The clinical staging score of 6 to 7 of a tumor involves more than one-half of one 
side of the prostate but not both sides; 

T2c: The tumor’s clinical staging score of 7 to 10 has grown in both sides of the prostate; 
Different stages of the prostate are shown in Figure 2. 


Fractal Fract. 2022, 6, 648 11 of 20 


Promtnte Qlard 


Figure 2. Different stages of the prostate. 


The corresponding PC risk grades of Tables 2 and 4 are given in Table 5. 


Table 5. The PC risk grades. 


Risk Grades Sy: PSA (ng/mL) S2: Gleason Score S3: Clinical Staging T2 
R, (Small — risk) (2, 9], [2.4, 4.0], [2.5, 3.5] [2,4], [3,5], [0,2] [0,3], [1,4], [4,6] 
Ro (Fair — risk) [10, 20], [4.0, 10}, [3.5, 4.5] [5, 6], [6, 8], [3,5] [4, 6], [5,7], [6,7] 
Rg (Large — risk) (21, 50], [10, 20], [4.5, 6.5] [7,10], [8, 10], (6, 10] [7,10], [8, 10], [7, 10] 


The risk grades of PC from Table 5, NCHFN normalized transformation using the 
following formula: 


[aje/ max(njx), Mje/ max(Njx)|7, [Fje/ Max(T iE), 7;e/ MAX(T jx) | 1 
[Vjx/ max(mjx),mjx/ max(mix)|F, 
(ajn/ max(njx) + 1jx/ max(injt) /2, (rig/ max(Tig) + rik / max(T;K))/2, 
(Yjx/ max(mix) + mix / max(mjx)) /2 


T= (9) 


As Yi, is the normalized CHFNs which represent information (three outlines) of 
j=1,2,3 and k = 1,2,3, of the risk grades of PC in Table 6. 
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Table 6. Similarity measure values and risk evaluation grades of the 10 PC patients. 


Risk Grades Sy So S3 
< (0.04, 0.18], < [02,04], < [0.0,0.3], 
he (0.12, 0.2], (0.3, 0.5], (0.1, 0.4], 
Hatpmnall-mek) (0.38, 0.54], (0.0, 0.2], (0.4, 0.6], 
0.11, 0.16, 0.46 > 0.30,0.4,0.1 > 0.15, 0.25,0.5 > 
< [0.2,0.4], < [0.5,0.6], < [0.4,0.6], 
a (0.2, 0.5], (0.6, 0.8], (0.5, 0.7], 
Aa Eanes) (0.54, 0.69], (0.3, 0.5], (0.6, 0.7], 
0.30,0.35, 0.61 > 0.55,0.7,0.4 > 0.5,0.6, 0.65 > 
< (0.42, 1], < [07], < [0.7,11, 
. (0.5, 1], (0.8, 1], (0.8, 1], 
R3(Large-risk) (0.69, 1], (0.6, 1], (0.7, 1], 
0.71, 0.75, 0.84 > 0.85,0.9,0.8 > 0.58, 0.9, 0.58 > 


The PC of risk grades of Table 6 can be expressed as the following NCHFSs: 


< 5}, (0.04, 0.18], < 5p, (0.2,0.4], < 53, [0.0,0.3], 
— (0.12, 0.2], 0.3, 0.5], [0.1,0.4], 
ca (0.38, 0.54}, : 0.0, 0.2], : (0.4, 0.6], 
0.11, 0.16, 0.46 > 0.30,0.4,0.1 > 0.15, 0.25,0.5 > 
< S},[0.2,0.4], < Sp, [0.5,0.6], < $3, [0.4, 0.6], 
— (0.2, 0.5], 0.6, 0.8], (0.5, 0.7], 
-— (0.54, 0.69], : 0.3, 0.5], : [0.6,0.7], 
0.30, 0.35,0.61 > 0.55,0.7,0.4 > 0.5, 0.6,0.65 > 
< Sy, [0.42,1], < Sp, (0.7, 1], < $3, [0.4,0.6], 
_— (0.5, 1], (0.8, 1], (0.5, 0.7], ) 
i (0.69, 1], ; (0.6, 1], : (0.6, 0.7], 
0.71, 0.75, 0.84 > 0.85, 0.9, 0.8 > 0.5, 0.6, 0.65 > 


Suppose that, for PC patients, the risk estimations of the T2 staging, Gleason score, 
and PSA level are provided by a physician group as per Tables 3-5. Therefore, based on 
collecting neutrosophic and cubic with the hesitant fuzzy set, the p patients’ estimation in 
order of PC in the form of NCHFSs can be described as 


< (Si it) a] 
Gets 
ras oe To, say re he 
(m},,m?,,m3,,...,mzi)r} >) 
< (Si2, [rip Tig’ |, [1i5, T79'], (tin, mig, 
F 


ie a 
i = { (Tig Vins Vine «+ Vig) Tr (10) 


* ok 
mi, Mi'], 


1 42 43 
(Past at eet 
ey eee 
(Min, Min, 1051)... 1; 


il 
< (Sia, [13,7331 [33,773], [mis, mis‘, 
Si 


ray ea i. ann 8 \r, 
("gy Via Tig <1 Vig) 
S; 
(Fla, Mig Typ sy ANEY Dy 
@.= 12S a..m) 


The similarity measure is identified as a mathematical tool to express identification. In 
reality, PC risk-grades estimation also expresses difficulty value. In this regard, to obtain 
proper risk grade estimation in the context of PC patients H; , the similarity measure 
5. (Ba Rj) values for a = 1 or 2, fori = 1,2,3,...,p is a prostate cancer patients and 
for j = 1,2,3 is the risk criteria. Then, similarity measures can be determined by the 
following method: 
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The proper risk grade for Rj« of the PC patient H; is given by 


6. Numerical Example 


=a eee: Rj)}- 


In this section, we give a numerical example of 10 PC patients as actual clinical cases 
based on Tables 2-4 by a group of three physicians. We obtain the PSA level, Gleason score, 
and T2 staging score for 10 PC patients, as shown in Table 7. 


Table 7. The risk arguments of the ten PC patients. 


Patiens H; $1: PSA(ng/mL) S2: Gleason Score $3: Clinical Staging Tp 
[11, 12], [4,9], 7,8], [3,4], 6,8], [5, 7], 
. nce mei z A) (7, 3} ’ oe 78) 
1 {41,43}, , {3,4}, {2,3} {5,6,7}, {7,8,9} 
{3.7,3.9} 
(10, 11], [7,8], [5,7], [2,4], [4,5], [6,7], 
| [3. 4.0] | [4, 6], {5,6,7} [7,8], {4,5 
Hp au 59, 10.69}, {2,3,4}, {4,5, 6} {6,7}, {7,8} 
{7.59,7.69}, 
{3.49, 3.59} 
[30,32], [11,13], 5,7], [2,4], [4,5], [6,7], 
[4.6, 4.8] [4, 6], {5,6,7} [7,8], {4,5} 
H3 | en 78,30. " | | {2,3,4}, {4,5, 6} | {6,7}, {7,8} 
{11.78, 11.8} 
{4.70,4.8} 
(12, 13], [5,7], [7,8], [3,4], [7,9], [5,7], 
[3. a 3.6] [2,4], {7,8} [7,9], {7,8, 9} 
Hy | {12.26, 12.29}, | {3,4}, {2,3} {5,6,7},{7,8,9} 
{5.26,5.29}, 
{3.57, 3.67} 
[46, 48], [12, 13], [8,9], [7,8], (9, 10], [8, 9], 
(4.6, 4.7] [5, 6], {8,9} (9, 10], {9,10} 
Hs | fas 68, 46. a | {7,8}, {5,6} {8,9}, {9,10} 
{12.68, 12.76}, 
{4.61, 4.64} 
[9, 10], [5,7], | [6,7], [5,6], [5, 6], [6, 7], 
[3.6, 3.8] [4,5], {6,7} [8,9], {5,6 
Ho {9.25, 9.43} {5,6}, {4,5} {6,7}, {8,9} 
{5.35,5.44} 


{3.67,3.7} 
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Table 7. Cont. 


Patiens H; S 1: PSA(ng/mL) [ Gleason Score $3: Clinical Staging To 
[11,12], [6,8], [6,7], [5, 6], [2,3], [3,4], 
[3.7,3.8] [4,5], {6,7} [5, 6], {2,3} 
Hy {11.38, 11.48}, { 6}, {4,5} {3,4}, {5,6} 
{6.11,6.48}, 
{3.71,3.73} 
[20,21], [10, 11], (7, 9], [5,7], [8, 10], [8,9], 
(4.4, 4.5] [4, 6], {7,8, 9} [8, 10], {8,10} 
Hg {20.22, 20.46}, { 6, 7, {4,5,6} {8,9}, {8,10} 
{10.22, 10.46}, 
{4.42, 4.43} 
[11,12], [5,6], [6,7], [5, 6], [4, 6], [5,7], 
(3.4, 3.5] [4,5], {6,7 [6,8], {4,5, 6} 
Ho {11.39, 11.67}, { is {4,5} {5,6,7}, {6,7,8} 
{5.39, 5.67}, 
{3.42,3.45} 
[51,55], [15,17], [7,8], [3,4], [7,9], [5,7], 
[4.6, 4.7] [2,4], {7,8} [7,9], {7,8,9} 
Hig {16.22, 16.35}, {3,4}, {2,3} {5,6,7},{7,8,9} 
{15.22, 15.35}, 
{4.61, 4.62} 


Ten patients’ risk arguments from Table 7 can then be changed into normalized 
NCHENs, reflected in Table 8. 


Table 8. Ten PC patients’ risk information expressed by the normalized NCHFNs. 


H; S Sp Ss 
< [0.22,0.24], < [0.7,0.8], < [0.6,0.8], 
(0.2, 0.45], (0.3, 0.4], (0.5, 0.7], 
s (0.55, 0.67], (0.2, 0.4], (0.7, 0.9], 
2 {0.222, 0.226}, {0.7,0.8}, {0.6,0.7,0.8}, 
{0.20,0.21}, {0.3,0.4}, {0.5,0.6,0.7}, 
{0.57,0.6} > {0.2,0.3} {0.7,0.8, 0.9} 
< (0.2, 0.22], < [0.5,0.7], < [0.4,0.5], 
(0.35, 0.4], (0.2, 0.4], (0.6, 0.7], 
re (0.46, 0.62], (0.4, 0.6], (0.7, 0.8], 
{0.211, 0.213}, {0.5,0.6,0.7}, {0.4,0.5} 
{0.38, 0.39}, {0.2,0.3,0.4}, {0.6,0.7}, 
{0.54,0.55} > {0.4,0.5,0.6} {0.7,0.8} 
< (0.6, 0.64], < [0.8,0.9], < (0.9, 1.0], 
(0.55, 0.65], (0.7, 0.8], (0.8, 0.9], 
‘s (0.70, 0.73], (0.5, 0.6], (0.9, 1.0], 
? {0.615, 0.616}, {0.8, 0.9}, {0.9,1.0}, 
{0.58, 0.59}, {0.7,0.8}, {0.8,0.9}, 
{0.72,0.72) > {0.5,0.6} {0.9, 1.0} 
< [0.24, 0.26], < [0.7,0.8], < [0.7,0.9], 
(0.25, 0.35], (0.3, 0.4], (0.5, 0.7], 
Fe (0.54, 0.55], (0.2, 0.4], (0.7, 0.9], 
‘ {0.245, 0.2458}, {0.7,0.8} {0.7,0.8, 0.9}, 
{0.26,0.27}, {0.3,0.4}, {0.5,0.6,0.7}, 
{0.54, 0.56} > {0.2,0.3} {0.7,0.8,0.9} 
< (0.92, 0.96], < [0.8,0.9], < (0.9, 1.0], 
(0.6, 0.65], (0.7, 0.8], (0.8, 0.9], 
i (0.70, 0.72], (0.5, 0.6], (0.9, 1.0], 
: {0.93, 0.955}, {0.8, 0.9}, {0.9,1.0}, 
{0.63, 0.64}, {0.7,0.8}, {0.8,0.9}, 
{0.72, 0.723} > {0.5,0.6} {0.8, 0.9} 
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Table 8. Cont. 


H; S1 Sp Ss 
< [0.18, 0.2], < [0.6,0.7], < [0.5,0.6], 
(0.25, 0.35], (0.5, 0.6], (0.6, 0.7], 
“ (0.553, 0.584], (0.4, 0.5], (0.8, 0.9], 
: {0.185, 0.188}, {0.6,0.7}, {0.5,0.6}, 
{0.267,0.285}, {0.5,0.6}, {0.6,0.7}, 
{0.564, 0.569} > {0.4,0.5} {0.8,0.9} 
< (0.22, 0.24], < [0.6,0.7], < [0.2,0.3], 
(0.3, 0.4], (0.5, 0.6], (0.3, 0.4], 
eS (0.569, 0.584], (0.4, 0.5], (0.5, 0.6], 
@ 0.227, 0.229}, {0.6,0.7}, {0.2,0.3}, 
{0.305, 0.324}, {0.5,0.6}, {0.3,0.4}, 
{0.570, 0.573} > {0.4,0.5} {0.5,0.6} 
< [0.4,0.42], < [0.7,0.9], < [0.8,1.0], 
(0.5, 0.55], (0.5, 0.7], (0.8, 0.9], 
‘o (0.676, 0.69], (0.4, 0.6], (0.8, 1.0], 
a {0.404, 0.409}, {0.7,0.8, 0.9}, {0.8, 1.0}, 
{0.51, 0.523}, {0.5,0.6,0.7}, {0.8,0.9}, 
{0.68, 0.682} > {0.4,0.5, 0.6} {0.8, 1.0} 
< [0.22, 0.24], < [0.6,0.7], < (0.4, 0.6], 
(0.25, 0.3], (0.5, 0.6], (0.5, 0.7], 
e (0.523, 0.538], (0.4, 0.5], (0.6, 0.8], 
: {0.229, 0.233} {0.6,0.7} {0.4,0.5,0.6}, 
{0.26, 0.283}, {0.5,0.6}, {0.5,0.6,0.7}, 
{0.526,0.530} > {0.4,0.5} {0.6,0.7,0.8} 
< [0.32, 0.34], < [0.7,0.8], < [0.7,0.9], 
(0.75, 0.85], (0.3, 0.4], (0.5, 0.7], 
a (0.707, 0.723], (0.2, 0.4], (0.7, 0.9], 
” {0.324, 0.327}, {0.7,0.8} {0.7,0.8, 0.9}, 
{0.76, 767}, {0.3,0.4}, {0.5,0.6,0.7}, 
{0.709, 0.710} > {0.2,0.3} {0.7,0.8, 0.9} 


Then, the risk information of the 10 PC patients in Table 8 can be expressed as the 


following NCHFSs: 
< $1, (0.22, 0.24], < Sp, [0.7,0.8], < 53, [6,8], 
(0.2,0.45], (0.3, 0.4], [5, 7], 
ae (0.55, 0.67], (0.2, 0.4], [7, 9], 
1) {0.222,0.226},  {’ {0.7,0.8}, (’) {67,8}, 
{0.20, 0.21}, {0.3,0.4}, {5,6,7}, 
{0.57,0.6} > {0.2,0.3} {7,8,9} 
< $1, [0.2,0.22], < Sp, [0.5,0.7], < $3, [0.4, 0.5], 
(0.35, 0.4], [0.2,0.4], (0.6,0.7], 
a (0.46, 0.62], [0.4, 0.6], (0.7, 0.8], 
2) {0.211,0.213}, (’) {0.5,0.6,0.7}, (’ {0.4,0.5}, 
{0.38, 0.39}, {0.2,0.3,0.4}, {0.6,0.7}, 
{0.54,0.55} > {0.4,0.5, 0.6} {0.7,0.8} 
< $1, [0.6,0.64], < Sp, [0.8,0.9], < $3, [0.9, 1.0], 
(0.55, 0.65], [0.7,0.8], (0.8, 0.9], 
—_ (0.70, 0.73], [0.5, 0.6], (0.9, 1.0], 
3) {0.615,0.616}, (’ {0.8,0.9},  [’ {0.9,1.0}, 
{0.58, 0.59}, {0.7,0.8}, {0.8,0.9}, 


{0.72,0.72} > {0.5,0.6} {0.9,1.0} 


Fractal Fract. 2022, 6, 648 


16 of 20 


Hy = 


< $1, (0.24, 0.26], 

(0.25, 0.35], 

(0.54, 0.55], 

{0.245, 0.2458}, (’ 
{0.26,0.27}, 
{0.54,0.56} > 

< 54, [0.92,0.96], 

[0.6, 0.65], 

7 (0.70, 0.72], 

i= {0.93, 0.955}, 

{0.63, 0.64}, 


{0.72,0.723} > 


{0.564,0.569} > 
< $y, (0.22, 0.24], 
(0.3, 0.4], 
(0.569, 0.584], 
0.227,0.229},  {’ 
{0.305, 0.324}, 
{0.570,0.573} > 
< Sy, [0.4,0.42], 
(0.5, 0.55], 
(0.676, 0.69], 
{0.404,0.409}, ’ 
{0.51, 0.523}, 
{0.68, 0.682} > 
< Sy, [0.22,0.24], 
(0.25, 0.3], 
(0.523, 0.538], 
{0.229,0.233} 
{0.26, 0.283}, 
{0.526, 0.530} > 
< $4, (0.32, 0.34], 
(0.75, 0.85], 
(0.707, 0.723], 
{0.324, 0.327}, 
{0.76, 767}, 
{0.709,0.710} > 


Hg = 


< 51, (0.18, 0.2], 

(0.25, 0.35], 

7 (0.553, 0.584], 
Om {0.185,0.188},  {’ 

{0.267,0.285}, 


Ayo = 


| 
| 
| 
| 


y 


< Sp, [0.7,0.8], 

(0.3, 0.4], 

(0.2, 0.4], 

{0.7,0.8}, {7 
{0.3,0.4}, 
{0.2,0.3} 

< Sp, [0.8,0.9], 
(0.7,0.8], 
(0.5, 0.6], 
{0.8,0.9}, 
{0.7,0.8}, 


{0.5,0.6} 


< Sp, [0.6,0.7], 
(0.5, 0.6], 
(0.4, 0.5], 
{0.6,0.7}, {7 
{0.5,0.6}, 
{0.4,0.5} 
< Sp, [0.6,0.7], 
(0.5, 0.6], 
(0.4, 0.5], 
{0.6,0.7}, {7 
{0.5,0.6}, 
{0.4,0.5} 


< Sp, [0.7,0.9], 


(0.5, 0.7], 
(0.4, 0.6], 


{0.7,0.8,0.9}, {’ 
{0.5,0.6,0.7}, 


{0.4,0.5,0.6} 
< Sp, [0.6,0.7], 
(0.5, 0.6], 
(0.4, 0.5], 
{0.6,0.7}  {’ 
{0.5,0.6}, 
{0.4,0.5} 
< Sy, [0.7,0.8], 
(0.3,0.4], 
(0.2,0.4], 
{0.7,0.8}  {’ 
{0.3,0.4}, 
{0.2,0.3} 


< S3,[0.7,0.9], 
(0.5, 0.7], 
(0.7, 0.9], 
{0.7,0.8,0.9}, 
{0.5,0.6,0.7}, 
{0.7,0.8,0.9} 
< $3, [0.9,1.0], 
(0.8, 0.9], 
(0.9, 1.0], 
{0.9, 1.0}, 
{0.8,0.9}, 
{0.8,0.9} 
< $3, [0.5, 0.6], 
(0.6, 0.7], 
(0.8, 0.9], 
{0.5,0.6}, 
{0.6,0.7}, 
{0.8,0.9} 
< 3, [0.2,0.3], 
(0.3, 0.4], 
(0.5, 0.6], 
{0.2,0.3}, 
{0.3,0.4}, 
{0.5,0.6} 


< $3, [0.8, 1.0], 


(0.8, 0.9], 
(0.8, 1.0], 
{0.8, 1.0}, 
{0.8,0.9}, 
{0.8, 1.0} 
< S3,[0.4,0.6], 
(0.5, 0.7], 
(0.6, 0.8], 
{0.4,0.5,0.6}, 
{0.5,0.6,0.7}, 
{0.6,0.7,0.8} 


< S3, [0.7,0.9], 


(0.5, 0.7], 
(0.7,0.9], 


{0.7,0.8,0.9}, 
{0.5,0.6,0.7}, 


{0.7,0.8,0.9} 


Els ee ee ee SE 


Suppose the weight for each element of S; is considered as wy = 1/3, where k = 1,2,3, 
then by using Equation (11) taking « = 2. Then, use the similarity measure M,,(H;, R;) 


uw*] 


between the patient Hj asi = 1,2,3...10 and the risk grades Rj as j = 1,2,3 and the risk 
evaluation grades of the 10 PC patients, which are shown in Table 9. 
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Table 9. Similarity measure values and risk evaluation grades of the 10 PC patients. 


Patients H; Mw (Hi, Rj) Risk Grade Based on Table 1 
Hy 0.62509, 0.7927, 0.4592 Ro 
Ho 0.5945, 0.6789, 0.6541 Ro 
H3 0.5643, 0.3426, 0.7658 R3 
4 0.3462, 0.7648, 0.6534 Ro 
Hs 0.6734, 0.6212, 0.6754 R3 
H6 0.7124, 0.7531, 0.3416 Ro 
Hy 0.5732, 0.6743, 0.7851 Ro 
Hg 0.3416, 0.8753, 0.7641 R3 
Ho 0.6341, 0.7346, 0.8763 Ro 
Ayo 0.7845, 0.8963, 0.7453 Ro 


Table 9 reflected suitable risk grade having the largest similarity measure. 


7. Comparison Analysis 


This section leads us towards the comparison with existing methods to estimate the 
quality of the proposed model. The results of Table 10 show that, if we consider the 
patient Hj, then the risk grade is identical for all three methods, with a bit of indeterminacy 
in method-3. If we believe patient Hz, the results of Table 10 show that the risk grade is R3 
for method-1, Rz for method-2, and method-3 as shown in the following Figures 1-5. 

This difference exists due to the indeterminacy covered by our proposed method, 
which indicates the superiority of our proposed method-1. Similarly, one can see the 
changes in the risk grades for other patients in Table 10, and the same is shown in the 
graphs of the three methods. 


Table 10. The 10 PC patients’ overall risk evaluation grades with other existing methods [15,21]. 


Method-1 Method-2 Method-3 
Patients H; Mw (Hi, Rj) Risk Grades Risk Grades Based Risk Grades 
Based on NCHFS on CHFS [21] Based on [15] 
Ro or R3 
Hy 0.62509, 0.7927, 0.4592 Ro Ro (indeterminacy) 
Hp 0.5945, 0.6789, 0.86541 R3 Ro Ro 
H3 0.5643, 0.8426, 0.7658 Ro R3 R3 
Ro or R3 
Hy 0.3462, 0.7648, 0.6534 Ro R3 Gindetorminady) 
Hs 0.6734, 0.6812, 0.5754 Ro Rs Rs 
Ry or Ro 
H6 0.7124, 0.7531, 0.3416 Ro Ro (indeterminacy) 
Ry or Ro 
H7 0.5732, 0.6743, 0.7851 R3 Ro (indeterminacy) 
Hg 0.3416, 0.8753, 0.641 Ro R3 R3 
Hy 0.6341, 0.7346, 0.8763 R3 Ro Ro 
hi 0.7845, 0.7363, 0.7453 R; Ro Bees By 


(indeterminacy) 
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Figure 5. Graphical view of risk grades based on Method-3. 
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8. Conclusions 


In the present study, an innovative approach is applied for risk evaluation and poten- 
tial susceptibility in patients for early prostate cancer diagnosis. A definite set of similarity 
measures is defined to reach deterministic results with a consequence of establishing the 
superiority and usefulness of this method compared to the existing processes just by the use 
of data from 10 patients only. The graphic comparison with other existing methods depicts 
the superiority of the neutrosophic fuzzy hesitant sets approach for the early diagnosis of 
prostate cancer. We believe that this approach will yield similarly better results if applied 
to investigate other forms of cancers such as kidney, bladder, lungs, etc.; however, it is part 
of future research in our group. 
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